Abstract: Parabolic trough collectors are getting introduced into application for solar process steam generation and high efficient solar chilling. SOLITEM GmbH in Aachen develops and produces its PTC 1800 for these applications. The first installation is made in the Iberotel Sarigermepark in Turkey. Energy supply facilitates, so that hotels and hospitals can economically be optimised by additional installations of cogeneration units with micro-turbines. With different systems in hybrid infrastructure customers can change the operation modes depending on various electricity and fuel prices: Solar energy can supply either the steam consumers or the chilling system, or both, supported by steam and electricity from cogeneration plant. Fritz Richarts studied mechanical engineering from the
development of a new kind of solar air-conditioning through parabolic trough collectors (self constructed by SOLITEM PTC) combined with double effect absorption chiller for air-conditioning of buildings.
Introduction
Parabolic trough collectors are able to deliver high temperature heat, which is a basic condition for the efficient utilisation of great amounts of solar heat in hotels. These systems offer a wide range of opportunities to reduce costs of the energy supply.
The high temperature heat from parabolic trough collectors can be used for producing process steam for powering double effect absorption chillers for air conditioning as well as for steam consumers as laundry and food preparation, especially in high load periods. Laundry and kitchen loads depend on the number of guests in the hotel, principally during the summer period. The current state of solar heat production with flat collectors and vacuum tube collectors, will be extended by parabolic trough collectors into higher temperature sectors for the process steam production. So, every kind of thermal energy request in hotels can be supplied by solar energy.
During summertime, low temperature heat demand (swimming pool heating and space heating) goes down to zero. Therefore, collectors must be fitted for the high temperature load of laundries and kitchens. Domestic hot water consumption needs generally low temperature heat, but legionella impact requests water tank temperatures of 60 °C and more, consequently, collector temperatures of at least 70 °C. Solar heat storage for night requests even higher temperatures. Figure 1 presents the annual heat demand of a hotel in Turkey. Electricity demand of approximately 2 Mio. kWh/a. includes 600.000 to 800.000 kWh/a for powering compression chillers in air conditioning installations.
Collector types for heat production solar energy
Collector efficiency as well as annual heat gain strongly depend on the radiation at the installation site, the collector type and the operating temperature. The annual heat gain of solar systems under varying conditions has been calculated, by investigation in a study 'Poship', for different sites, so also 'Huelva' in Spain (Figure 2 ) (Schweiger et al., 2001) . The lower heat gain of the collectors at rising temperatures is due to the thermal losses occurring on the absorber surface, which roughly has the temperature of the fluid running through the absorber. There is a principal thermodynamic difference between concentrating and non-concentrating collectors though: Non concentrating collectors transform the solar rays directly into heat, by using an absorber plate over nearly the full collector surface area. In concentrating collectors the direct solar radiation is reflected in the heat absorbing device, and the collector surface does not warm up. Heat losses only occur on the small absorber tube. So the different shapes of the curves in Figure 2 can be explained (see Table 1 ).
Figure 2 Calculated values of annual heat gain for Huelva
Parabolic trough collectors require tracking referring to the solar position. This device has to meet different requirements on the mechanical structure and on the control system.
Generally, concentrating collectors are thought to have less heat gain values because they use only direct irradiation. This disadvantage is (at least partially) compensated for by the tracking device. The collectors follow the sun from the morning to the evening.
The annual heat production of parabolic trough collectors shown in Figure 2 is based on currently available collector types. Actually, there are still many possibilities to improve parabolic trough collector efficiency. With further progress of technical development there are prospects of redoubling the annual heat gain while operating with a temperature of 200 °C. Table 2 , Figures 3 and 4) . 
State-of-the-art of solar chilling
Current solutions for solar chilling mainly use absorption chillers. The quality of energy transformation from heat to chilling energy is given by the coefficient of performance, COP = Chilling capacity / heating capacity. Mostly single effect absorption chillers are available, with a limited operating temperature of heat (< 100 °C) along with low COP values (< 0,8). Double effect absorption chillers offer higher COPs converting the solar heat more efficiently into chilling energy. Therefore, high temperature heat should be used in double effect absorption chillers which needs a temperature of approx. 140 °C. The elevated temperatures lead to higher thermal losses in the collector -the conversion efficiency overcompensates this effect by far though (Krüger et al., 2002) . Double effect absorption chillers are mostly steam powered (see Table 3 ). Consequently, a double effect steam powered absorption chiller was chosen. The chilling capacity of the machine enables operation in partial load (between ½ and ¾ load) for a wide range of operating time. For this range, Figure 5 shows COP values from 1,4 to 1,5. The assumed average value is 1,4. 
Connection of solar chilling and steam production with existing installations
The example shown in this report is a pilot project to test the new components in operation and in combination with existing systems. So, the energy amount of the solar systems is limited (less than 20% of the total capacity). Chilling capacity of existing chillers is approximately 1000 kW. The existing LPG fired steam generator has a capacity of 800 kg/hr. The first step of installation includes the following components and systems (Table 4) : The absorption chiller will be connected with the existing chilling and cooling systems. Steam inlet is connected with the solar powered steam generator. Condensing and feed water supply points are connected with the existing steam installations (Figure 7 ). Because of the low capacity data of the new installation and in view of the current consumption data of the hotel, low shares on the total energy balance have to be expected. There is an option regarding the extension of the solar system, e.g., 100 modules (900 m 2 ). The increased heat gain will be transformed into steam in an additional steam generator to supply absorption chiller and laundry with additional steam. Furthermore, energy economics of the hotel can be improved by installation of a micro-turbine for cogeneration. In micro-turbines heat can be produced at high temperature. Because of the huge heat demand, there is no risk for competition between solar heat and heat from cogeneration.
The following scenario shows how the current situation of hotel energy supply ('current') can be improved by the pilot installation ('step 1') and by extension of the solar installation and the cogeneration ('step 2') (see Figure 8 ). Electricity demand will be changed only little by step 1. In step 2, the electricity demand will decrease more because of the improved production of solar based chilling energy. Furthermore, electricity purchase will be reduced drastically by electricity production of cogeneration. In step 1, primary energy consumption decreases. Due to the cogeneration plant and step 2, primary consumption increases.
Coexistence of different systems in hybrid infrastructure
The pilot installation is the beginning of the conversion of energy supply and energy transformation in the hotel infrastructure. So, this process is not a demolition of existing installations and is merely replacing them by new systems. Main feature of this way is a gentle introduction of renewable energy (Richarts, 1999) . The change of the total situation is shown in 'hybrid diagrams' (Figure. 9 ). 
Conclusions
Parabolic trough collectors are able to deliver high temperature heat, which is a basic condition for the efficient utilisation of great amounts of solar heat in hotels. These systems offer a wide range of opportunities to reduce costs of the energy supply. Combined with double effect steam powered absorption chillers, parabolic trough collectors make high efficient solar chilling possible.
